
Background: Elevation of ST segment in leads V3R/
V4R, which is commonly encountered in right ventricu-
lar myocardial infarction, may also occur in patients with 
anterior ST elevation myocardial infarction (STEMI). 
However, the clinical impact of this finding in the setting 
of anterior myocardial infarction is not well understood. 
Aims: We aimed to investigate the prognostic value of 
ST segment elevation in leads V3R/V4R in patients with 
first acute anterior myocardial infarction. 
Study Design: Prospective cohort study.
Methods: Right precordial leads V3R/V4R were re-
corded in 111 patients admitted with first time anterior 
myocardial infarction. Patients were allocated into two 
groups based on the presence or absence of ST eleva-
tion in leads V3R/V4R. Demographic, biochemical and 
echocardiographic data, as well as the angiographic in-
formation, were recorded. In-hospital and 3 month mor-
tality, and major adverse cardiac events (MACE), death, 
heart failure and ventricular dysrhythmia were also com-
pared. 
Results: ST elevation in lead V3R or V4R was pres-
ent in 72 out of 111 patients (64.9%). Involvement of 

the proximal part of the left anterior descending (LAD) 
artery was not different in the two groups (44.4% of pa-
tients with elevation vs. 53.8% of patients without el-
evation, p=0.22). Post-myocardial infarction complica-
tions, mortality and major adverse cardiac events were 
similar in the two groups. Left ventricular ejection frac-
tion (LVEF) was significantly lower in patients with ST 
elevation in V3R/V4R (35 %±8 vs. 38 %±8, p=0.02). 
Twenty three out of 111 patients (20.7%) developed 
heart failure, which was similar in the two groups [16 
(22.2%) of patients with ST elevation vs. 7 (17.9%) of 
patients without ST elevation, p=0.39].
Conclusion: Although ST elevation in V3R/V4R can 
be present in patients with left anterior descending ar-
tery occlusion, it does not seem to predict the prognosis. 
Lower left ventricular ejection fraction in this group may 
play a role in the long-term prognosis; however, this is-
sue needs further investigation. 
Keywords: Acute anterior myocardial infarction, elec-
trocardiograph, right ventricular dysfunction
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Identifying the location of the culprit coronary lesion in pa-
tients with acute myocardial infarction (MI) may help clini-
cians to estimate a patient’s prognosis and decide on the best 
therapeutic approach (1,2). Anterior wall MI, which accounts 
for the highest MI mortality compared with other regions, is 
commonly associated with left anterior descending (LAD) 

artery occlusion (3). Electrocardiography (ECG), which is a 
noninvasive and fast method to evaluate patients with suspect-
ed coronary disease, may provide valuable information about 
the location of occlusion in LAD artery. Most studies, which 
have suggested predictive ECG patterns, however, have not 
included the leads V3R and V4R in their evaluations (4-6).



The ST segment elevation (STE) in leads V3R and V4R is 
commonly encountered in right ventricular myocardial in-
farction (RVMI), a condition that is rarely diagnosed as an 
isolated problem (7). Although right precordial leads are not 
routinely recorded as a part of standard 12-lead ECG, they are 
a crucial part of electrocardiographic evaluations in patients 
with inferior myocardial infarction (8-10). Inferior and poste-
rior parts of the left ventricle as well as the posterior regions of 
the right ventricle are all supplied by the right coronary artery 
(RCA) in the majority of cases. Consequently, RVMI often oc-
curs in conjunction with inferior MI (2). It has also been well 
established that concurrent RVMI increases in-hospital com-
plications and mortality rate in patients with inferior MI (10).

ST elevation in leads V3R and V4R is also described as an 
occasional finding in some patients with anterior ST elevation 
myocardial infarction (STEMI); however, the way in which it 
influences the prognosis of patients is a matter of controversy 
(10-15). The fact that the LAD artery supplies anterior regions 
of the right ventricle could explain the occurrence of RVMI 
following LAD occlusion (16), but the possible location of 
stenosis in LAD artery is not well understood (12).

Regarding these facts, we conducted a prospective study on 
patients with anterior STEMI to investigate the possible role 
of ST elevation in leads V3R and V4R in predicting the an-
giographic site of stenosis in the LAD artery. In addition, we 
examined the effect of simultaneous RVMI with anterior MI 
on the occurrence of in-hospital complications as well as the 
incidence of congestive heart failure (HF) and mortality.

MATERIALS AND METHODS

This prospective cohort study included one hundred and 
eleven consecutive patients, who were admitted to our car-
diovascular heart center between March 2012 and September 
2013, with a first anterior STEMI. Patients who had ECG 
evidence or history of myocardial infarction, bundle branch 
blocks or pacemaker implantation were excluded from the 
study. 

All of the included patients presented to the hospital within 
12 hours of the onset of chest pain. Along with standard 12-
lead ECG, V3R and V4R leads were also recorded on admis-
sion using a paper speed of 25 mm/s and standardization of 
1mV/10 mm .The presence of ST elevation in these leads was 
investigated manually. Based on current therapeutic guide-
lines, patients either underwent primary percutaneous coro-
nary intervention (PCI) or received thrombolytic therapy and 
PCI was scheduled for the following days.

Acute anterior STEMI was defined as more than 30 minutes 
typical chest pain with ST elevation of more than 0.2 mV from 

the J point in at least in two consecutive precordial leads on 
the admission ECG and also an increase in cardiac enzymes, 
which was defined as an increase of one point above the 99th 
percentile cut off point for MB isoenzyme of creatine kinase 
(CK-MB) and Cardiac-Troponin I (cTNI). ST elevation in 
V3R and V4R leads was defined as more than or equal to 0.1 
mV ST elevation from the J point on the admission ECG. Heart 
failure was defined as having pulmonary rales on auscultation, 
signs of congestion in Chest X-Ray and any need for diuretic 
administration. At least 50% reduction of the luminal diameter 
of the coronary artery was considered significant stenosis. 

The patients were categorized into two groups based on the 
presence or absence of ST elevation in either the V3R or V4R 
lead. The comprehensive demographic, clinical and biochemi-
cal data were recorded in both groups. All patients underwent 
echocardiographic evaluation in the first 24 hours following 
admission. Information about the occurrence of ventricular fi-
brillation (VF), ventricular tachycardia (VT), nodal or bundle 
branch blocks, other arrhythmias, pericardial effusion and 
congestive heart failure was collected during hospitalization. 
All patients were followed by phone call three to six months 
after their first hospital admission. Patients’ mortality during 
hospitalization and follow-up period was recorded. Major car-
diovascular adverse events (MACE) were defined as death, 
heart failure or ventricular dysrhythmias.

Based on the angiographic reports, the location of stenosis 
in LAD artery and also the presence of any significant steno-
sis in left circumflex (LCX) and right coronary artery were 
recorded in every patient. The location of stenosis in the LAD 
artery was classified into two groups. The lesions from the ori-
gin of LAD to the first septal or diagonal branch were defined 
as proximal and the lesions distal to the first septal or diagonal 
branch were defined as non-proximal. MACE was compared 
in patients with and without ST elevation in V3R/V4R.

The study was reviewed and approved by the Institutional 
Review Board Committee of our university and exempted 
from informed consent due to its descriptive design. However, 
complete patient privacy was maintained.

Statistical analysis
Statistical software SPSS (PASW Statistics for Windows, 

Version 18.0, SPSS Inc.; Chicago, IL, USA) was used for 
data analysis. Continuous variables were presented as the 
mean±standard deviation and categorical variables were re-
ported as frequencies and percentages. Fisher’s exact test or 
Chi-square analysis was done as appropriate to compare the 
frequencies of categorical variables. The independent t-test 
was used to compare the numerical variables between two 
study groups. A p value of less than 0.05 was considered sta-
tistically significant.
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RESULTS

A total of 111 patients with anterior STEMI were studied. 
The mean age of patients was 60±11 years. Overall, 91 out of 
111 patients (82%) were male and the remaining 20 patients 
(18%) were female. The mean time interval between the on-
set of chest pain and recording of the first ECG was 5.7±0.8 
hours. The electrocardiographic location of infarction was an-
terolateral in 46 patients (41.4%), anteroseptal in 41 patients 
(36.9%), and extensive anterior in 24 patients (21.6%). The 
mean ST elevation in the study population was 0.94±0.83 mV 
in lead V3R and 0.47±0.05 mV in lead V4R. The mean ST 
elevation sum in all leads was 14.4±9.4 mV.

The patients were allocated into two groups based on the 
presence or absence of ST elevation (STE) in either lead V3R 
or V4R. Seventy-two out of 111 patients (64.9%) had ST el-
evation in lead V3R or V4R and 39 patients (35.1%) did not. 
There were no differences between the two groups regard-
ing mean age, sex and coronary artery disease risk factors, 
with the exception of diabetes, which was significantly more 
prevalent in patients without STE in leads V3R/V4R (41% vs. 
19.4%, p=0.02). 

Cardiac enzyme biomarkers as well as serum lipid lev-
els were similar in the two groups. Mean peak CK-MB was 
231±261 ng/mL in the group without STE and it was 188±156 
ng/mL in the other group (p=0.39). Peak cTNI was 16.7±15.9 
ng/mL in the group without STE and 18.7±13.8 ng/mL in the 
group with STE (p=0.369). The admission blood sugar level 
was higher in the group without STE (188±104 mg/dL vs. 
154±72 mg/dL, p=0.047) (Table 1).

The occurrence of VF/VT on the first day of hospitalization 
was not different between the two groups (5.6% in the group 
with STE vs. 5.1% in the group without STE, p=0.9), so was 
on other days. Atrioventricular (AV) node blocks, right bundle 
branch block (RBBB) and paroxysmal supraventricular tachy-
cardia (PSVT) did not occur in any patient. 

Sixteen out of 72 patients (22.2%) with STE in V3R/V4R 
developed heart failure; in contrast, seven out of 39 patients 
(17.9%) without STE in V3R/V4R developed heart fail-
ure. However, this difference was not statistically significant 
(p=0.4). Based on the echocardiographic data, in patients with 
STE in V3R/V4R, left ventricular ejection fraction (LVEF) was 
significantly lower than the other group (35±8 % vs. 39±8 %, 
p=0.022). Severe mitral regurgitation (MR>2+) was present in 
9 patients (12.5%) in the group with STE compared with one 
patient (2.6%) in the other group (p=0.07). Right ventricular 
ejection fraction (RVEF) and right ventricular size were report-
ed to be normal in echocardiographic evaluations of all patients. 

The mean hospital stay was 6.6±4.4 days for patients 
with STE and it was 7.0±3.9 days for patients without STE 

(p=0.57). The mortality of patients including follow-up period 
mortality was 6 out of the 111 studied cases (5.4%). The in-
hospital mortality was similar between the two groups, as was 
the mortality rate in the follow-up period. Table 1 summarizes 
demographic data, risk factors, biochemical data, complica-
tions, mortality, angiographic findings and location of the cul-
prit coronary artery in patients with and without ST Elevation 
in Leads V3R/V4R.

The occurrence of HF/shock in patients with STE in V3R, 
V4R and V3R or V4R was not significantly different. STE 
in V3R was reported in 17 (68%) patients with MACE and 
STE in V4R was present in 11 (44.0%) patients with MACE 
(Table 2). 

Reviewing the angiographic reports revealed the presence 
of one-vessel disease in 49 out of 111 patients (44.1%). LAD 
artery stenosis was present in all of the patients. The stenosis 
was due to proximal lesion in 53 out of 111 patients (47.7%) 
and non-proximal lesion in 58 out of 111 patients (52.3%). 
Along with LAD artery stenosis, in 62 out of 111 patients 
(55.9%), either the RCA or LCX artery was also involved. 
Stenosis of both RCA and LCX was present in 25 out of 111 
patients (22.5%). Twenty out 111 patients (18%) had RCA le-
sions and 17 out of 111 (15.3%) had LCX lesions. Chronic 
total occlusion of RCA was seen in 5 (4.5%) patients.

No significant association was found between the presence 
of ST elevation in leads V3R, V4R and the location of LAD 
occlusion in relation to the origin of the first diagonal or septal 
branch. 

STE in V3R was present in 32 cases (60.4%) in the group 
with proximal LAD involvement. STE in V4R was present in 
17 cases (32.1%) of the group with Proximal LAD involve-
ment, and 32 patients (60.4%) with proximal LAD involve-
ment had STE in lead V3R or V4R. The sum of STE in all 
leads was also not significantly different between those with 
proximal vs. non-proximal LAD lesions (Table 3). 

DISCUSSION

This study suggests that ST elevation in leads V3R/V4R, 
as the representative of right ventricular ischemia, is not re-
lated to the location of stenosis in the LAD artery. Concur-
rent RV infarction and anterior STEMI may occur in both 
proximal and distal LAD occlusions. Prior studies have ex-
plained some ECG patterns in patients with anterior STEMI 
that predict the location of LAD occlusion (5,6,17). Howev-
er, with regard to our findings, this is not true for leads V3R/
V4R. Similarly, in a previous study, Barsheshet et al. (12) 
investigated the association of proximal LAD involvement 
and concurrent anterior and RV MI and found no difference 
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 V3R STE ≥1 V4R STE ≥1 V3-4R ≥1 No STE 
 (N=70) (N=42) (N=72) (N=39) p

Age (years) 61±12 63±12 61±12 59±10 0.386

Male sex 55 (78.6%) 32 (76.2%) 57 (79.2%) 34 (87.2%) 0.217

Hypertension 33 (47.1%) 21 (50%) 33 (45.8%) 13 (33.3%) 0.141

Diabetes Mellitus 14 (20%) 9 (21.4%) 14 (19.4%) 16 (41.0%) 0.024

Active Smoking 26 (37.1%) 14 (33.3%) 27 (37.5%) 12 (30.8%) 0.536

Hyperlipidemia 4 (5.7%) 3 (7.1%) 4 (5.6%) 5 (12.8%) 0.164

Creatinine (mg/dL) 1.0±0.3 1.0±0.3 1.0±0.3 1.1±0.3 0.062

Triglyceride (mg/dL) 141±94 158±111 139±94 132±66 0.617

Cholesterol (mg/dL) 191±54 193±41 190±54 184±41 0.500

Hematocrit (percent) 42.9±5.6 41.9±5.3 42.9±5.6 41.0±6.0 0.123

Peak Creatine Kinase (MB) 191±157 155±142 188±156 231±261 0.369

Creatine Kinase (MB) D1 81±101 55±53 81±100 88±128 0.749

Creatine Kinase (MB) D2 147±138 137±149 144±137 187±268 0.356

Peak cTNI (ng/mL) 18.6±13.9 18.2±13.3 18.7±13.8 16.7±15.9 0.369

cTNI (ng/mL) D1 10.9±15.8 11.3±16.6 11.1±15.6 5.7±11.4 0.037

cTNI (ng/mL) D2 13.4±10.4 12.1±10.1 13.4±10.3 22.5±53.5 0.299

Ventricular Dysrhythmias E 2 (2.9%) 1 (2.4%) 2 (2.8%) 0 (0.0%) 0.419

Ventricular Dysrhythmias L 4 (5.7%) 1 (2.4%) 4 (5.6%) 2 (5.1%) 0.647

Acute Heart failure 16 (22.9%) 11 (26.2%) 16 (22.2%) 7 (17.9%) 0.393

LV Ejection Fraction (%) 35±8 35±8 35±8 39±8 0.022

Proximal LAD lesion 32 (45.7%) 17 (40.5%) 32 (44.4%) 21 (53.8%) 0.227

Hospital stay 6.5±4.4 7.3±5.4 6.6±4.4 7.0±3.9 0.561

In-hospital Death 2 (2.9%) 2 (4.8%) 2 (2.8%) 4 (10.3%) 0.113

MACE 17 (24.3%) 11 (26.2%) 17 (23.6%) 8 (20.5%) 0.452

Mitral Regurgitation >2+ 9 (12.9%) 4 (9.5%) 9 (12.5%) 1 (2.6%) 0.075

1VD/2VD/3VD 27/26/17 13/13/16 28/26/18 21/9/9 0.291

Thrombolytic therapy 53 (75.7%) 37 (88.1%) 55 (76.4%) 26 (66.7%) 0.190

Primary PCI 12 (17.1%) 4 (9.5%) 12 (16.7%) 10 (25.6%) 0.320

PCI beyond first day 32 (45.7%) 17 (40.5%) 33 (45.8%) 20 (51.3%) 0.691

Sum of all STE 15.1±10.8 13.7±10.2 14.8±10.8 13.4±6.1 0.382
STE: ST elevation; cTNI: cardiac troponin I; E: early; L: late; LV: left ventricle; LAD: left anterior descending; 1VD: one vessel disease; 2VD: two vessel disease; 3VD: three 
vessel disease; PCI: percutaneous coronary intervention; D1: admission time; D2: 12 hours later; MACE: Major Cardiac Adverse Events
*p<0.05 is statistically significant.
Continuous variables are mean±SD and categorical variables are number of cases (percentages).

TABLE 1. Comparison of demographic, biochemical, echocardiographic and angiographic data in patients regarding the absence or presence of ST elevation in leads 
V3R, V4R, V3R or V4R

 HF/shock No HF  MACE No MACE 
 (N=23) (N=88) p (N=25) (N=86) p

V3R STE 16 (69.6%) 54 (61.4%) 0.318 17 (68.0%) 53 (61.6%) 0.369

V4R STE  11 (47.8%) 31 (35.2%) 0.192 11 (44.0%) 31 (36.0%) 0.310

V3R or V4 16 (69.6%) 56 (63.6%) 0.636 17 (68.0%) 55 (64.0%) 0.452

All leads STE (Millimeter) 15.1±8.7 14.2±9.6 0.656 16.4±10.8 13.8±8.9 0.280
STE: ST elevation; HF: heart failure; MACE; Major Cardiac Adverse Events
 *p<0.05 is statistically significant.

TABLE 2. Frequency of clinical endpoints in patients with ST elevation in V3R, V4R, V3R or V4R
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between two groups of patients with and without ST eleva-
tion in right precordial leads.

As right precordial leads provide valuable prognostic infor-
mation in patients with inferior MI, they are often recorded 
in this patient group (18). The STE in V4R is suggested as a 
strong independent predictor of complications and mortality 
in patients with inferior MI (10), but its value in predicting 
the prognosis of patients with anterior STEMI has not been 
well studied and the data are limited. However, following the 
studies demonstrating a relatively high incidence of this con-
dition, there is increasing interest in the literature about the 
consequences of RV MI (12,13,15). As reported in this study, 
concurrent right precordial ST elevation and anterior STEMI 
is not a rare finding and was present in 64.9% of our patients 
with anterior MI. However, further investigations regarding 
RV dysfunction and RV ejection fraction (RVEF) showed that 
none of the patients had developed RV dysfunction, and RVEF 
was also normal in all patients. This finding could be explained 
with regard to high RV salvage after reperfusion therapy. 

In a recent study, Bodi et al. (13) investigated the effect 
of proximal LAD stenosis on RV and LV myocardium, and 
proved that stenosis in the LAD artery may also predispose 
a large area of the anterior wall of the RV to ischemia, but 
the resultant infarct size would be small. Similar to our re-
sults, Barsheshet et al. (12) reported normal RV function in 
their studied patients. However, in another study, Tahirkheli 
et al. (15) evaluated autopsy specimens of 88 cases with an-
teroseptal MI, and found eight cases with concurrent RV MI, 
in some of whom RV hemodynamic changes in retrospective 
angiographic results had been reported; however, due to the 
small number of patients with RV MI in the study sample, 
their results may not apply to all patients.

In the present study, the development of acute left heart fail-
ure following acute MI was similar in either group. In addi-
tion, in-hospital mortality rate as well as the mortality rate in 
the follow-up period was not different in patients with and 
those without ST elevation in leads V3R/V4R. Anterior LVMI 
is suggested as a predictor for developing heart failure in pa-
tients with MI and larger infarct size following LAD artery oc-

clusion is described as a causative factor (19, 20). On the other 
hand, RV ischemia with concurrent anterior MI may only re-
sult in a small RV infarct size (13). This may be a possible 
description for our findings regarding the same rate of heart 
failure and mortality in both groups. Moreover, in the paper 
published by Bodi et al. (13), similar rates of heart failure 
were reported for both groups of patients. This is in contrast 
to the findings of the study by Barsheshet et al. (12), in which 
patients with ST elevation in leads V3R/V4R had a higher rate 
of heart failure, mortality and development of VF in compari-
son to those with only anterior LV MI. In their study sample, 
patients with prior history of coronary disease were not ex-
cluded; however, their two study groups were similar regard-
ing this factor. Furthermore, the low incidence of these end-
points, especially with regard to VF, may be problematic for 
interpretation of their data. In this study, we excluded patients 
with a history of coronary disease to eliminate the effects of 
any possible prior injury to the myocardium, and found no as-
sociation between STE in V3R/V4R and the development of 
VF. However, the incidence of VF was low in our patients, as 
described for the later study.

According to the results, LVEF was slightly lower in patients 
with STE in leads V3R/V4R. Considering the similarity of the 
two groups regarding the development of heart failure, this 
finding may not have significant clinical importance in prac-
tice. Also, there was a trend towards a higher rate of significant 
MR in patients with STE in leads V3R/V4R. Barsheshet et al. 
(12) reported an abnormality of middle anteroseptal wall mo-
tion, detected by echocardiographic evaluations, in patients 
with concurrent STE in V4R. This synchrony may describe 
the higher rate of significant MR in our patients, which needs 
to be confirmed in future large studies. In contrast to our study, 
in the latter study, LVEF was similar in both groups. There are 
some reports regarding the protective role of the conus branch 
of the right coronary artery on interventricular septum and 
STE of V1 or right precordial leads (21). Anatomical varia-
tions of this branch may be an important confounding factor 
leading to different results regarding the frequency of arrhyth-
mias, heart failure and LVEF in various studies.

We conclude that ST elevation in leads V3R/V4R is not a 
rare finding in patients with anterior STEMI; however, it does 
not change the prognosis of patients with anterior MI. Despite 
normal RV function, LVEF is slightly lower in this group of 
patients. 

Furthermore, STE in leads V3R/V4R does not predict the 
location of stenosis in the LAD artery. However, this study 
investigated a relatively small number of real-life patients 
without any additional diagnostic or therapeutic interventions. 
Further studies with a larger number of patients are needed to 
evaluate this association.

 Proximal LAD  Non-Proximal 
 lesion (n=53) LAD lesion (n=58) p

V3R STE 32 (60.4%) 38 (65.5%) 0.694

V4R STE 17 (32.1%) 25 (43.1%) 0.247

V3R or V4 32 (60.4%) 40 (69.0%) 0.427

All leads STE (millimeter) 14.5±8.7 14.2±10.0 0.885
STE: ST elevation; LAD: left anterior descending
*p<0.05 is statistically significant.

TABLE 3. Frequency of ST elevation in leads V3R, V4R, V3R or V4R in patients 
with and those without proximal lesion of left anterior descending artery
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